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ABSTRACT
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Title of Study: Nitrogen and potassium management in container production of Musa,
Ensete, and Canna and landscape performance of Musa, Ensete, and
Musella
Pages in Study 81
Candidate for Degree of Master of Science
Two container production studies (nursery area and greenhouse) and a landscape
performance study to evaluate bananas and cannas were performed at R. R. Foil Plant
Science Research Center on the campus of Mississippi State University. Previous reports
determined that there is greater need of K2O fertilization in addition to N for tropical
monocot nutrition. Contradictory to previous cultural recommendations for landscapes, it
was determined that a N:K2O ratio is not significant for container production of Musa,
Ensete, and Canna in pine bark substrate. Nitrogen rate was the most significant variable
in the containerized production of Musa, Ensete, and Canna. The purpose of the
landscape performance study was to evaluate six cultivars of bananas for growth and cold
hardiness. The three cultivars of bananas trialed which showed the greatest cold tolerance
and vigor were Musa basjoo, Musella lasiocarpa, and Musa balbisiana ‘Thai Black’.
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INTRODUCTION
Popular symbols of the tropics, lush banana “trees” are not trees at all, but
gigantic herbaceous perennials (Bender, 2004). Banana is a plant with rapid growth rate,
high consumption of water, shallow and spreading roots, low resistance to drought, and
rapid physiological response to soil water deficit (Haifa Chemical, 2014).
Recently, there has been a large push for sustainability and limiting negative
effects humans have on the environment. This has been true in the horticulture industry
as several states already regulate water and chemical runoff from nurseries. It is prudent
to stay ahead of the curve and address these issues before it is mandated in our state. One
such problem involves nitrogen (N) and phosphorus (P) runoff from excess fertilizers
applied on crops. According to the United States Environmental Protection Agency,
excess application of fertilizer can have negative impacts on freshwater ecosystems and
groundwater supplies (EPA, 2016). Infants and young children are vulnerable to nitrates
in drinking water which may be caused by excess nitrogen polluting groundwater
supplies. Nitrogen and phosphorus may be limiting nutrients to algae in freshwater
ecosystems. Algal blooms harm water quality and severely reduce the availability of
oxygen to animals living in the water (EPA, 2016).
A better understanding of tropical monocots’ response to different fertilizer ratios
will be useful in managing production of containerized bananas and cannas grown in pine
1

bark substrates. One goal of this research is to optimize the fertilization scheme for
bananas and cannas to decrease potential environmental impacts of excess fertilizers.
According to previous research (Broschat et al., 2008), the authors believe it is possible
to encourage lush growth in bananas with less N while adding potassium (K) which is not
as harmful environmentally. Fertilizer applications of 0-0-0, 16-4-8, 8-2-12-4 Mg, and
12-2-12-4 Mg (N-P-K), on cannas resulted in the least amount of K deficiencies and the
most growth when receiving an 8-2-12-4 Mg. Plant size was more than twice as large for
cannas receiving the 8-2-12-4 Mg palm fertilizer than for those receiving other fertilizer
treatments. In contrast, cannas had significantly more deficiencies with less biomass
production when 16-4-8 fertilizer was applied (Broschat et al., 2008). Cannas receiving
the 8-2-12-4 Mg palm fertilizer had significantly higher N concentrations (with the same
N rate of fertilizer applied) than other treatments. These data suggest that although
nitrogen is needed to produce lush vegetative growth in plants, ornamental monocots may
benefit more from a 2:3 ratio of nitrogen to potassium. Although K is not known to
promote growth in plants, if it is severely limiting, it can reduce growth rate or even
become fatal in monocots such as palms. High soil N concentrations are believed to
accentuate K deficiencies in palms, presumably due to a dilution effect (Broschat et al.,
2008).
The first objective of this research was to assess the effect of nitrogen and
potassium fertilization rates and ratios on Musa basjoo, Ensete ventricosum ‘Maurelii’,
and Canna ‘Erebus’ growth and development during container production.
The second objective of this research was to evaluate the landscape performance
of six species/cultivars of banana reported cold hardy to zone 8. The six species/cultivars
2

chosen were: Musa basjoo, Musa ‘Thai Black’, Musa ‘Pisang Raja’, Musa ‘Bordelon’,
Ensete ventricosum ‘Maurelii’, and Musella lasiocarpa. The overall growth, winter
hardiness, and visual appeal were compared with one another in the landscape.
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LITERATURE REVIEW
The banana family (Musaceae) is native to Southeast Asia and surrounding
tropical and subtropical regions, Africa, and Madagascar (Waddick and Stokes, 2000)
(Fig. 2.1). Musaceae is a tropical group of large herbaceous monocots, composed of
three genera: Ensete Bruce ex Horan., Musa L., and Musella (Franch.) H.W.Li. (Xue,
2007). The banana plant develops from an underground bulb-like stem structure called a
rhizome, which has a small central meristem from which the leaves develop (Riffle,
1998).
Musa (Fig. 2.2), from which the edible bananas are derived, is composed of 35-40
species that are distributed in tropical Asia extending to the subtropics and limited areas
of northeastern Australia (Xue, 2007). This genus contains some of the most
economically important plants in the world (Waddick and Stokes, 2000). Edible sweet
and starchy banana cultivars provide a staple food for many millions of people and are a
major export commodity (Novak, 2014). Plants of the genus Musa are suckering, fastgrowing plants with thick, succulent, and often tall stems atop which grow the large
oblong to elliptic-shaped soft leaves with thick midribs (Riffle, 1998). The stems are
called “pseudostems” because they are not true stems but rather a columnar collection of
the old leaf bases of the plant, which is easily seen when a trunk is cut in two. The
pseudostem blooms once and then slowly dies after the formation of fruit, but there are
4

always other suckering pseudostems from the same root system to continue growth of the
original plant (Riffle, 1998).
Musa basjoo is widely accepted as the most cold hardy of all the bananas
(Waddick and Stokes, 2000). This banana is native to the Ryukyu Islands of Japan. The
“Japanese Fiber Banana” grows to 4.3m tall and can survive in United States Department
of Agriculture (USDA) hardiness zone 5, if protected (Waddick and Stokes, 2000) (Fig.
2.3). Musa balbisiana ‘Thai Black’ is a variant of the species Musa balbisiana which is
distinguished by a dark pseudostem. M. balbisiana is native to Southeast Asia and is one
of the original parent species (Musa acuminata being the other) of most of the present
day edible bananas. M. balbisiana is reported to be hardy to USDA zone 9 and reach
heights of 4.6m (Waddick and Stokes, 2000). However, amateur gardeners have
anecdotally reported the banana to be much hardier than zone 9. Musa ‘Pisang Raja’ is a
cultivar of banana believed to have originated in Indonesia and Malaysia. This cultivar
grows to 4.9m and is cold hardy to USDA zone 8. It is reported that ‘Pisang Raja’ has
good cold and wind tolerance (Waddick and Stokes, 2000). Musa ‘Bordelon’, first
discovered in the Louisiana town of Bordelonville, reaches a height up to 4.3m, is hardy
to USDA zone 8, and has maroon splotches on the upper leaf surface and maroon
undersides (Waddick and Stokes, 2000).
Ensete is a genus of seven species from tropical Africa and tropical Asia (Fig.
2.4). Unlike Musa, Ensete plants are monocarpic with relatively short, stout nonsuckering trunks and large, spirally arranged leaves at the top of the stem (Riffle, 1998).
Only E. ventricosum (Welw.) Cheesman is common in cultivation. E. ventricosum is
native to high altitudes of eastern Africa. E. ventricosum is a root crop grown in the
5

southwest of Ethiopia, and because of its drought resistance, it is of outstanding
importance for the supply of food for the local population (Uloro, 1994). E. ventricosum
‘Maurelii’ is an ornamental cultivar distinguished by the deep red coloration on its
foliage (Schmidt, 2016) and can attain heights of 3.0-4.6m and is hardy to zone 9
(Waddick and Stokes, 2000).
The genus Musella is from southwestern China and includes only one species,
Musella lasiocarpa (Franch.) H.W.Li (Fig. 2.5). The common name for Musella
lasiocarpa is “Chinese Yellow Banana” and is highly ornamental without edible fruit
(Waddick and Stokes, 2000). In the region where it is native, M. lasiocarpa is a plant
that is extensively used by local people for pig fodder, soil and water erosion control,
weaving material, as a vegetable, medicine, for wine making, and as a resource plant for
honey production (Xue, 2007). M. lasiocarpa suckers heavily and grows to 1.8m tall. M.
lasiocarpa is hardy to USDA zone 7 (Waddick and Stokes, 2000).
Canna L., a close relative to banana in the Cannaceae, are grown worldwide for
their bold foliage and colorful flowers (Fig. 2.6). Canna is native to tropical and
subtropical regions of the New World from southern U.S. to northern Argentina.
Cannaceae is composed of approximately 50 species, all in the genus Canna, and
hundreds of hybrids. Hybrids are commonly labelled Canna x generalis and Canna x
hybrida and represent the majority of cannas in gardens (Armitage, 1997). Bananas and
cannas are located in the order Zingiberales along with Costaceae, Heliconiaceae,
Lowiaceae, Marantaceae, Strelitziaceae, and Zingiberaceae (Waddick and Stokes, 2000).
One assumption in this study is that similar fertilization is needed for members in the
banana and canna families as they are both tropical monocots.
6

One problem in achieving a landscape with a “tropical look” in more temperate
areas is cold weather. The key is choosing the most cold hardy plants with tropical
characteristics. Through the landscape performance experiment, the authors hope to
verify cold tolerance and promote tropical landscapes. The term “cold-hardy” when
referring to tropical plants is relative to other members within the same family. Bananas
flourish under uniformly warm to hot conditions. Shoot growth is best between 78°F to
82°F (26-28 C) and fruit growth at 84°F to 86°F (29-30 C) (Crane et al. 2013). Several of
the banana species are root hardy in zone 9 and quite often in zone 8 (Riffle, 1998).
According to the USDA Plant Hardiness Zone map (Fig. 2.3), zone 8 encompasses
annual minimum temperatures of -12.2C to -6.67C (10-20 degrees F) (Daly, 2012).
Bananas have recently begun to be commercially propagated from meristems by
tissue culture. The advantage of this system is that plants are uniform and free of
nematodes and most diseases. Propagation by tissue culture allows greater access of
multiple banana cultivars to growers and opens new possible markets for sale. The
disadvantage is the time it takes for small plants to be grown to a sufficient size for sale
from the nursery and in some areas their lack of availability (Crane et al., 2013). The
floriculture and nursery industry in the United States accounted for approximately $10.15
billion in 2014, up roughly 14% from $8.87 billion in 2009 (USDA Census of
Agriculture, 2016).
Bananas have relatively high nutritional requirements. Best results are obtained
with controlled release fertilizers at the time of planting and an organic mulch at the soil
surface. It is reported that regular application of granular fertilization at the beginning of
the growing season will yield good results. Liquid fertilizers can be applied throughout
7

the growing season according to specific instructions (Waddick and Stokes, 2000).
Bananas will do well with an even numbered fertilizer (ex. 13-13-13), but a higher K2O
level results in better flowering and fruit production (Waddick and Stokes, 2000). In
bananas (Musa spp.), more potassium is needed and is found in higher concentrations in
both reproductive and vegetative plant material relative to other species (Haifa Chemical,
2014). Potassium, present within plants as the cation K+, plays an important role in
regulation of the osmotic potential of plant cells (Taiz and Zieger, 1998). Potassium also
activates many enzymes involved in respiration and photosynthesis. The first observable
symptom of potassium deficiency is mottled or marginal chlorosis, which then develops
into necrosis primarily at the leaf tips, at the margins, and between veins. Because
potassium can be mobilized to the younger leaves, these symptoms appear initially on the
more mature leaves (Taiz and Zieger, 1998). In banana, regardless of cultivars, soils, and
climate, the total amount of nitrogen taken up by the plant is closely related to total dry
matter production (Irizarry et al. 2002). Visual nitrogen deficiency symptoms in banana
are stunted plant growth, leaf-lamina showing a pale-green color, and the leaf-midrib,
petiole, and sheath showing a reddish-pink coloration (Irizarry et al. 2002). Potassium is
also important in the transfer of several macronutrients and micronutrients (N, P, Ca, Mg,
Cu, Zn), as well as carbohydrates throughout the plant (Haifa Chemical, 2014). Lack of
available potassium can trigger deficiency symptoms and stunted growth in bananas
because of their increased needs (Haifa Chemical, 2014). These deficiency symptoms
can be a result of low available potassium in the soil, or a reduction in concentration
within the plant due to rapid growth. Such rapid growth can be triggered by the
application of high rates of nitrogen through particular fertilizers. It is recommended that
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banana plants, and other monocotyledonous ornamentals, be fertilized with a balance of
nitrogen and potassium appropriate to the plants’ needs (Haifa Chemical, 2014; Wade
and Sparks, 2012).
Turf grass fertilizers, which are typically higher in nitrogen (N) and lower in
potassium (K) (Wells et al., 2011; Broschat, 2005) than those commonly applied to
ornamentals, can cause K deficiencies sometimes resulting in death in monocotyledonous
tropical plants (Broschat, 2005; Broschat et al., 2008). Broschat et al. (2008)
demonstrated that fertilizers with high N:K ratios can be detrimental to tropical monocots
and result in reduced plant growth and visual potassium deficiencies.
The growing substrate used in container production is typically soilless, with pine
bark and peat moss being the two most common components currently used in the
southeastern United States. (Jackson, 2010) Of the two, composted or aged pine bark is
predominantly chosen for container production in both greenhouse and nursery industries
the Southeast (Fulcher and White, 2012; Owen and Lopez, 2015). A good container
medium should be: (1) readily available; (2) relatively inexpensive; (3) light enough to be
handled conveniently within the nursery and to be transported economically to market;
(4) free of pests or capable of being sterilized without the production of toxic substance;
(5) economically blended into a uniform, relatively stable medium; and (6) capable of
being stored for short periods of time without significant changes in the physical and
chemical properties (Davidson et al., 1994). Pine bark substrate fulfills all of the
aforementioned criteria for use in the nursery industry in the southeastern United States
(Davidson et al., 1994).
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End users require a premium compost with minimal odor, pH between 6.0 and
7.0, and particle sizes no greater than 1.27cm diameter (1/2 inches ) (Gouin, 1989).
Processors obtain pine bark from harvested pine trees, remove the pine bark, and then
hammer mill and screen it to obtain a desirable particle size for growers to use. Once
hammer milled, processors often age the pine bark. Growers prefer pine bark with little to
no “white wood” content (Owen and Lopez, 2015). Nursery and greenhouse substrates
are then typically amended with slow- or controlled-release fertilizers (CRF) to provide
mineral nutruients to the plant during production (Owen and Lopez, 2015).
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Figure 2.1

Global natural habitat distribution of the banana family, Musaceae.
(Adapted from Venter, 2012)

Figure 2.2

Musa spp. growth habit. (Photograph by author)
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Figure 2.3

USDA Plant Hardiness Zone Map for the United States of America.
(Courtesy of usda.gov)

Figure 2.4

Ensete sp. growth habit. (Photograph by author)
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Figure 2.5

Musella lasiocarpa growth habit. (Photograph by author)

Figure 2.6

Canna sp. growth habit and flowers. (Photograph by author)
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CONTAINER PRODUCTION
Introduction
Bananas are usually grown for the edible fruit and tropical look, but some are
grown for their colorful inflorescences or ornamental foliage (Riffle, 1998). They are
cultivated throughout the tropics and subtropics and are an important staple in many diets
(Schmidt, 2016). Bananas are not true trees but rather are large, herbaceous perennials.
The trunk is fibrous but contains no woody tissue and grows from an underground
rhizome (Schmidt, 2016). In bananas (Musa spp.), potassium is needed at higher
fertilization rates and is present in higher concentrations in both reproductive and
vegetative plant material relative to other species (Haifa Chemical, 2014). While
potassium does not directly influence plant cell structure, it plays key roles in processes
within the plant, including respiration, photosynthesis, chlorophyll formation, and water
regulation (Haifa Chemical, 2014). Broschat et al. (2008) demonstrated that fertilizers
with high N:K ratios can be detrimental to tropical monocots and result in reduced plant
growth and visual potassium deficiencies. The authors sought to validate the previous
landscape findings reported by Broschat et al. (2008) in a soilless container substrate.
Composted or aged pine bark is a common organic substrate component for
container-grown plant production for both greenhouse and nursery industries (Owen and
Lopez, 2015). Fertilizers to amend greenhouse substrates include slow- or controlled14

release fertilizers (CRF). The fertilizer prills provide a “slow” or “controlled” amount of
fertilizer to be released to the plant during production (Owen and Lopez, 2015).
Bananas have recently begun to be commercially propagated from meristems by
tissue culture, providing plants that are uniform and free of nematodes and most diseases
(Crane et al., 2013).
Nursery Area
Materials and Methods
A trial to determine the effect of nitrogen and potassium fertilizer rates and ratios
on banana and canna plants was conducted in Starkville, MS. The trial was located at
Mississippi State University R. R. Foil Plant Science Research Center between the
months of May and September 2014. The nursery trial was a randomized complete block
with two replications. The tissue cultured plants of Musa basjoo, Ensete ventricosum
‘Maurelii’, and Canna ‘Erebus’ were grown in a fine pine bark substrate (soil
conditioner; Penick Organics, Macon, MS) in 8.71 L pots (HPP High Performance 275;
Haviland, OH). The pine bark substrate was analyzed by the Mississippi State University
Soil Testing Lab and reported to have a K level of 455 lbs/acre which is classified as very
high. The trial was conducted on a concrete nursery pad in full sun and the pots were
spaced on 91.4cm (36 inch) centers. The trial consisted of 12 fertilizer treatments; each
with ten plants randomly assigned a fertilizer treatment. The nitrogen source was Polyon
urea 42% (42-0-0) (Harrell’s, Lakeland, FL) and the potash source was controlled release
muriate of potash (0-0-59) (Harrell’s, Lakeland, FL). The fertilization scheme was based
on low (3.6g∙pot-1), medium (7.2g∙pot-1), and high (10.7g∙pot-1) nitrogen fertilizer (420-0) application and a corresponding ratio of 1:1, 2:3, or 3:2 parts potassium as muriate
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of potash fertilizer (0-0-59) as shown in Table 3.1. The three controls included 1) one
without nitrogen and a medium rate of potassium (5.1g∙pot-1 0-0-59), 2) one without
potassium and with medium nitrogen (7.2 g∙pot-1 42-0-0), and 3) one without nitrogen or
potassium. Triple super phosphate (0-46-0) was applied at a rate of 3.26 g∙pot-1 and
Micromax® micronutrients (Everris International, The Netherlands) was applied at a rate
of 9.0 g∙pot-1.
The tissue cultured plantlets were supplied by AG3, Inc. (Eustis, FL). The Musa,
Ensete, and Canna plants were planted on 5/22/2014 and were fertilized with the
assigned treatments on 5/31/2014. The plants were then watered in with 1.0L of 200ppm
CalMag Fertilizer (15-5-15-4Ca-2 Mg) to help with mixing the substrate with the
fertilizer as well as giving all plants a dose of fertilizer to help with establishment. The
plants were then watered daily as needed with an average of 500mL∙pot-1∙day-1. The
plants were irrigated with a polytube system and green 160° spot spitter irrigators
(Primerus Products San Marcos, CA; US Pat No. 6-588-680). The irrigation system was
regulated by a pressure regulator at 30 psi. A spinosad spray (Ferti-Lome Borer,
Bagworm, Tent Caterpillar and Leafminer spray, Bonham, TX) was required on
6/2/2014, 6/16/2014, 6/24/2014, 7/5/2014, and 8/14/2014 to control armyworms
(Mythimna unipuncta) and other caterpillar pests.
Measurements were taken monthly and included pseudostem height, largest leaf
length, largest leaf width, number of leaves, and pseudostem diameter at 5cm above soil
level.
The Canna ‘Erebus’ plants were harvested on 8/20/2014 after approximately 13
weeks of growth. The harvesting date was chosen when the majority of plants reached a
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marketable size. The Ensete ventricosum ‘Maurelii’ and Musa basjoo plants were
harvested on 9/2/2014 and 9/5/2014, respectively, after approximately 15 weeks of
growth. Final measurements were taken and the plants were divided into roots and
shoots and floral stalks (for Canna only). The tissue samples were oven dried to a
constant mass and dry masses were taken to determine dry matter yield.
Pour through leachates were taken every two weeks to measure fluctuations in pH
and electrical conductivity (EC) of the media. Leachates were performed to quantify soil
characteristics throughout the growing season to measure any correlation between growth
and pH or EC. Leachates were also used to verify a reapplication timing for fertilizer
treatments. The nutrients available to container-grown plants can be estimated by
measuring how well the leachate (the solution that drains from containers) conducts
electricity. Electrical conductivity increases proportionally with the dissolved salts
(nutrients from fertilizers) present in the solution. Therefore, measuring electrical
conductivity (EC) indicates the nutrient concentrations available to container-grown
plants (LeBude and Bilderback, 2009).
The pour-through extraction procedure does not disturb plant roots as do other
procedures that require removing potting media from containers or sending samples to a
laboratory. When plants are watered to container capacity, fertilizer nutrients are
dissolved in the water available for plant uptake. As additional water is gently “poured
through” the container substrate (the growing media), it displaces the water in the
perched water table at the container bottom, and this water can be collected as it leaches
from the drainage holes. Because any dissolved nutrients available to the plant are in this
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leachate, its EC and pH become good diagnostics for nutrient levels and availability
(LeBude and Bilderback, 2009).
For this experiment, leachates were taken by pouring 250mL of water into the pot
and allowing approximately 50mL (20%) of the excess water to collect in a plastic dish at
the bottom, according to directions from NC State Pour-Through Extraction Procedure
leachate protocol (LeBude and Bilderback, 2009). EC and pH were measured using the
pH/Conductivity/TDS Waterproof Tester (Hanna Instruments, Woonsocket, RI).
Data were analyzed using the backwards regression procedure in SPSS, Version
23 (IBM, 2015). In cases where both independent variables and the interaction of them
were significant, estimated marginal means were used to generate graphs in SigmaPlot,
Version 13 (Systat Software Inc., 2016). When only a single independent variable was
significant, the curve estimation procedure in SPSS was used to determine lines of best
fit.
Results and Discussion
Canna
Nitrogen rate, K2O rate, and interaction of N and K2O explained 78.6%, 58.5%,
77.9%, and 79.9% of the variance in Canna shoot dry mass, flower dry mass, total dry
mass, and pseudostem height growth, respectively (Fig 3.1, 3.2, 3.3, 3.4). Canna shoot
dry mass, flower dry mass, total dry mass, and pseudostem height growth increased with
increasing amounts of nitrogen and increasing amounts of K2O. However, at the high N
rate, increasing amounts of K2O caused a slight decrease in Canna shoot dry mass, total
dry mass, pseudostem height growth and a large decrease in flower dry mass. All
measured parameters were largest at high N rate and low K2O rate.
18

N rate (p<0.001) significantly affected root dry mass of Canna in 2014 (Fig. 3.5).
Canna root dry mass increased with increasing levels of Nitrogen. Curves were fit using
curve estimation function in SPSS and the quadratic model was found to be a better fit
(R2=0.521). Root dry mass was maximized at 7.23g N. However, the estimated N rate
producing the maximum dry mass was outside the range of measurement.
For electrical conductivity of Canna substrate, treatment and date were significant
(p<0.001) but the date and treatment interaction was not significant (Fig 3.6). Generally,
the EC of the leachates increased with an increasing rate of nitrogen. However, the EC of
the leachates were well below a recommended range EC for growth. Pour-through
guidelines for most nursery crops suggest leachate EC values should range between 500
to 2000 μS/cm (LeBude and Bilderback, 2009). Since bananas are classified as heavy
feeders, the recommendation would be 1500µS/cm and the highest recorded EC in the
study was 380µS/cm at the high 2:3 treatment. There were minimal differences in
substrate pH among treatments and all were in a recommended range for the growth of
plants.
In general, as nitrogen level and potassium level increased, the trend was for the
particular measurement to increase. Nitrogen had a greater response per unit increase for
each of the criteria measured. At the highest nitrogen level measured, an increase in
potassium caused a slight decrease in shoot dry mass, total dry mass, and pseudostem
height growth of Canna and a large decrease for flower dry mass. One possible
explanation for this could be that potassium is already in significant quantities
(455lbs/acre) in the pine bark substrate, and additional potassium does little for plant
growth past a certain point. Nitrogen was the most limiting mineral nutrient in the
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growth of Canna in pine bark substrate. These results contradict research findings by
(Broschat, 2008) that a 2:3 N:K2O ratio produces Canna twice as large as plants
receiving 1:1 or 2:1 ratio of N:K2O. However, the plants in that study were grown in a
Florida landscape and not in container production. Root dry mass was only significantly
affected by nitrogen and not significantly affected by potassium or the N*K2O
interaction. Root dry mass can be highly variable due to sampling errors in root washing
due to the fragile nature of the roots.
Ensete
Nitrogen rate (p<0.001) significantly affected shoot dry mass, root dry mass, total
dry mass, and pseudostem height growth of Ensete in 2014 (Fig 3.7, 3.8, 3.9, 3.10).
Curves were fit using the curve estimation function in SPSS and the quadratic model was
found to be the best fit for all measured parameters. According to the curve estimation,
shoot dry mass, root dry mass, total dry mass, and pseudostem height growth were
maximized at 6.18g N, 4.68g N, 5.43g N, and 3.75g N, respectively. The measured
parameters for Ensete increased with increasing levels of Nitrogen. The estimated rate
producing the maximum shoot dry mass, root dry mass, and total dry mass were outside
the range of measurement.
For electrical conductivity of Ensete, treatment, date, and the interaction of date
and treatment were significant (p<0.01) (Figure 3.11). The EC of the leachates increased
with an increasing rate of nitrogen. However, the EC of the leachates were well below a
recommended range of 1500µS/cm EC for growth. The highest EC was 373 µS/cm
which corresponded to the treatment with the most fertilizer applied. There were
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minimal differences in substrate pH among treatments and all were in a recommended
range for the growth of plants.
For Ensete, nitrogen rate significantly affected shoot dry mass, root dry mass,
total dry mass, and pseudostem growth. As nitrogen level increased in the four measured
criteria for Ensete, there was an increase in the amount of dry mass and growth measured.
Unlike Canna, potassium or the N*K2O interaction was not significant for any of the
measured criteria. One major difference between Canna and Ensete is the ability to
produce offshoots. Canna readily forms offshoots while Ensete remains solitary. The
ability to add significantly more biomass may have been reduced due to the growth habit
of Ensete. Similarly to Canna, an increase of nitrogen had a direct influence on increasing
plant dry matter and growth. It appears that in pine bark substrate, nitrogen is the most
limiting nutrient for Ensete growth.

The optimal N rate calculated from the curve

estimation function in SPSS was higher than the highest rate applied on three of the four
criteria. These data may not be accurate since the recommended rate is outside of the
measured range of fertilization.
Musa
Nitrogen rate (p<0.001) significantly affected shoot dry mass, root dry mass, and
total dry mass of Musa in 2014 (Fig 3.12, 3.13, 3.14). Curves were fit using curve
estimation function in SPSS and the quadratic model was found to be a better fit for all
measured parameters. According to the curve estimation, shoot dry mass, root dry mass,
and total dry mass were maximized at 4.47g N, 3.29g N, and 3.77g N, respectively. The
measured parameters for Musa increased with increasing levels of Nitrogen and declined
at points surrounding the maximum.
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Nitrogen rate, K2O rate, and the N*K2O interaction explained 67.1% of the
variance (R2 =0.671, p ≤ 0.020) in the pseudostem height growth of Musa. Musa growth
increased with increasing N and increasing K2O (Figure 3.15). There was a greater
growth response per unit N than per unit K2O and at high N, additional K2O slightly
decreased growth. Growth was largest at a high N rate and low K2O rate.
For electrical conductivity of Musa, treatment, date, and the interaction of date
and treatment were significant (p<0.001) (Figure 3.16). Between treatments, there were
minimal differences observed and the highest EC (425µS/cm) was measured from the
treatment with the most fertilizer applied. As N rate increased, the EC had an upward
trend. All of the treatments were low compared to a recommended EC of 1500 µS/cm.
There were minimal differences in substrate pH among treatments and all were in a
recommended range for the growth of plants.
For the electrical conductivities of the pour through leachates, there was an
obvious shortage of nutrients in the containers. As the graphs demonstrate, all of the
treatments were well below the recommended threshold of 1500 µS/cm. The highest ECs
observed were between ¼ and 1/3 of a recommended EC. This demonstrates either a
sampling error or a shortage of available nutrients to the plants. It is more likely to be a
shortage of nutrients available as the plants appeared to be below optimal in coloration
and size.
Similarly with Musa as Ensete, Nitrogen rate significantly affected shoot dry
mass, root dry mass, and total dry mass. Unlike Ensete, nitrogen rate, K2O rate, and the
N*K2O interaction significantly affected pseudostem height growth of Musa. The
optimized N fertilization rate calculated from the curve estimation function in SPSS
22

ranged from 3.29g to 4.47g N per pot. The optimized N rates calculated were within the
measured range for Musa. However, the Musa plants did not look “optimal” at any of the
fertilization treatments and appeared undernourished compared to plants grown in the
greenhouse with occasional liquid feed fertilization. For the pseudostem height growth,
Nitrogen rate, K2O rate, and the N*K2O interaction were significant. In general,
pseudostem height growth increased with increasing nitrogen rate and K2O rate. At the
highest N rate applied, additional K2O does not promote further growth. It is assumed
that N is the limiting nutrient for growth of Musa in pine bark substrate.
Discussion
Nitrogen rate, K2O rate, and the N*K2O interaction significantly affected Canna
shoot dry mass, flower dry mass, total dry mass, and pseudostem height growth and Musa
pseudostem height growth. All other parameters measured for Canna, Ensete, and Musa
were significantly affected solely by N rate. The plants produced were aesthetically
unacceptable and the low leachate ECs point to a lack of available nutrients for growth.
The substrate had large available quantities of K (455lbs/acre) which may explain the
lack of significance of controlled release K fertilizer applied. It was suspected that the
release rate of the N fertilizer was not what the manufacturer claimed. A slower release
rate would explain the low EC and general poor performance of trial plants. The
greenhouse container study that follows focused solely on N rates in container production
of Canna, Ensete, and Musa due to the lack of findings related to the N:K fertilizer ratio
in a pine bark substrate.
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Greenhouse
Materials and Methods
A greenhouse study to determine the effect of a wide range of N fertilization rates
and to identify an optimal nitrogen fertilization rates on container grown bananas and
cannas was conducted at Mississippi State University R. R. Foil Plant Science Research
Center between September and December of 2015. Like the previous experiment, Musa
basjoo and Ensete ventricosum ‘Maurelii’ were used. Because of availability issues,
Canna ‘Ra’ was substituted for Canna ‘Erebus’. Both ‘Ra’ and ‘Erebus’ have similar
growth habits and cultural requirements.
The plants were grown in Classic 400 plastic pots with a volume of 3.79L
(Nursery Supplies Inc., Chambersburg, PA) filled with a fine pine bark substrate (soil
conditioner; Penick Organics, Macon, MS). The N fertilization rates were increased
from the previous study to attempt to identify an optimum rate and possibly induce K
deficiency symptoms at the highest fertilization levels. There was no K fertilizer added
to the substrate in this study. The plants were irrigated using polytube and 0.5 gph button
drippers (DIG Corporation, Vista, CA Part #06-019) and received an average of 300mL
H2O∙day-1, which provided approximately a 10% leaching fraction
The fertilization rates were ½, 1, 1 ½, 2, 2 ½ , 3, 4, 6, and 8 times the
recommended N rate for the pot size (Table 3.3). The greenhouse thermostat was
programmed with set-points between 24 and 28 Celsius (75-82 degrees Fahrenheit).
Musa basjoo and Canna ‘Ra’ were planted on 9/4/2015 and were given
fertilization treatments on 9/15/2015. Ensete ventricosum ‘Maurelii’ were planted on
9/11/2015 and fertilized with treatments on 9/24/2015. To mix the pine bark substrate
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and controlled release fertilizer, the plants were watered in with a 20-10-20 water soluble
fertilizer (Everris International, The Netherlands) at 200ppm with 500mL of water.
Triple super phosphate (0-46-0) was applied at a rate of 2.1g∙pot-1 and Micromax®
micronutrients (Everris International, The Netherlands) was applied at a rate of 4.0 g∙pot1

.
Measurements taken included pseudostem height, number of leaves, leaf length,

leaf width, pseudostem girth, and only for Canna, number of plants and total number of
leaves per pot. Initial measurements on Musa and Canna were taken on 9/18/2015 and
initial measurements on Ensete were taken on 9/30/2015. Measurements were taken
monthly until the conclusion of the study.
To combat spider mites, Sultan miticide (BASF, Ludwigshafen, Germany) was
applied to all plants on 9/25/2015. Spinosad spray (Ferti-Lome Borer, Bagworm, Tent
Caterpillar and Leafminer spray, Bonham, TX) was applied to all plants on 9/26/2015 to
combat armyworms. Acephate (Orthene 97 soluble insecticide, AMVAC, Newport
Beach, CA) and bifenthrin (Talstar P, FMC Corporation, Philadelphia, PA) were used as
needed throughout the trial to control insect pests following industry standard
recommendations.
Saturated paste extract leachates were taken from Musa and Ensete media at
harvest. Substrate EC and pH were determined using the saturated media extract method
as outlined by the North Central Regional Committee for Soil and Plant Analysis
(Eliason et al., 2015). Saturated paste extract is the laboratory standard and the preferred
way to measure substrate EC values (Landis and Dumroese, 2006). The leachate solution
was measured for pH and EC with the pH/Conductivity/TDS Waterproof Tester (Hanna
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Instruments, Woonsocket, RI). A different leachate protocol between the nursery and
greenhouse experiments was used for two reasons: 1) concerns about determining more
accurate substrate pH and EC values for the greenhouse study, and 2) A destructive
leachate protocol was possible because leachates were taken only at the end of the study.
Concerns over the insufficient ECs measured during the nursery area container
study, the authors wanted to ensure the controlled release urea fertilizer was adequately
releasing N according to the advertised rate of a 3 month release curve. Fertilizer samples
were incubated and analyzed throughout the growing season to determine a release rate
for the controlled release urea 42-0-0 fertilizer following protocols outlined by Medina et
al. (2008) and Ozores-Hampton and Carson (2013). Fifteen (15) pots with 5.0 grams of
controlled release urea 42-0-0 (Harrell’s, Lakeland, FL) each were placed into small
sections of nylon mesh to keep the fertilizer from mixing with the substrate. Containers
were attached to the same irrigation system as the Musa basjoo. An average of 300mL
H2O∙day-1 was applied to the fertilizer incubations. The day/night temperatures of the
greenhouse were 24-28C. Five of each of the incubations were harvested at 30, 60, and
90 days after planting.

The remaining nitrogen concentration was analyzed by the

Mississippi State University Soil Testing Lab and plotted to determine a release rate for
the fertilizer (Fig. 3.36).
The Canna were harvested on 11/16/2015 after approximately 9 weeks of growth.
Final measurements were recorded and plants were destructively harvested into roots,
shoots, and flower stalks and oven dried to a constant mass. Ensete and Musa were
harvested 12/1/2015 and 12/14/2015 after 10 and 13 weeks respectively. Final
measurements were recorded and Ensete and Musa were separated into roots and shoots
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and oven dried to a constant mass. Data were analyzed using the Regression procedure in
SPSS, Version 23 (IBM, 2015).
Results and Discussion
Canna
Nitrogen rate (p<0.001) significantly affected shoot dry mass, root dry mass,
flower dry mass, total dry mass, and pseudostem height growth of Canna in 2015 (Fig.
3.17, 3.18, 3.19, 3.20, 3.21). Curves were fit using curve estimation function in SPSS
and the quadratic model was found to be a better fit for all measured parameters.
According to the curve estimation, shoot dry mass, root dry mass, flower dry mass, total
dry mass, and pseudostem height growth were maximized at 8.46g N, 8.83g N, 7.0g N,
8.57g N, and 7.37g N, respectively. The measured parameters for Canna increased with
increasing levels of nitrogen and decreased on either side of the optimal recommended
rate.
Nitrogen rate significantly affected shoot dry mass, root dry mass, flower dry
mass, total dry mass, and pseudostem growth. The calculated optimum N fertilization
rates were found to be between 7.0 and 8.83grams of Nitrogen. These rates are between
4.9 and 6.2 times the recommended N rate for pot size. The N rate seems high when
looking at recommended rates. Even though N rate was found to be significant, the size
and quality did not vary greatly between plants grown with a 1x rate and a plant grown
with 8x rate. It was determined that a plant grown at the 1x rate was saleable.
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Ensete
Nitrogen rate (p<0.001) significantly affected shoot dry mass, total dry mass, and
pseudostem height growth of Ensete in 2015 (Fig. 3.22, 3.23, 3.24). Curves were fit
using curve estimation function in SPSS and the quadratic model was found to be a better
fit for all measured parameters. According to the curve estimation, shoot dry mass, total
dry mass, and pseudostem height growth were maximized at 6.28g N, 6.1g N, and 5.95g
N, respectively. The measured parameters for Ensete increased with increasing levels of
nitrogen. For Ensete root dry mass, nitrogen rate was not statistically significant.
Nitrogen rate significantly affected shoot dry mass, total dry mass, and
pseudostem height growth in Ensete in 2015. The factor that was not significantly
affected by nitrogen rate was root dry mass. A possible explanation for this exception is
a sampling error. The calculated optimal N rate for the significant parameters was found
to be between 5.95 and 6.28 grams per pot. This amount represents between 4.1 and 4.4
times recommended N rate.
For EC of Ensete substrate, the fertilization treatment was significant (p≤0.001)
(Fig. 3.25). As the nitrogen rate increased, the EC of the substrate also increased. The
EC was found to be well below the recommended EC of 1500 µS/cm. The highest EC
was observed at 11.424g N applied, an 8x recommended rate, but was only 327 µS/cm.
There were minimal differences in substrate pH among treatments and all were in a
recommended range for the growth of plants.
For electrical conductivities of the saturated paste extracts measured in 2015,
there may have been a sampling error with the Ensete leachates. The substrate that was
used was not an adequate representation of the complete soil profile.
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Musa
Nitrogen rate (p<0.001) significantly affected shoot dry mass, root dry mass, total
dry mass, and psuedostem height growth of Musa in 2015 (Fig. 3.26, 3.27, 3.28, 3.29).
Curves were fit using curve estimation function in SPSS and the quadratic model was
found to be a better fit for all measured parameters. According to curve estimation, shoot
dry mass, root dry mass, total dry mass, and pseudostem height growth were maximized
at 7.81g N, 7.29g N, 7.6g N, and 8.54g N, respectively.
Nitrogen rate significantly affected shoot dry mass, root dry mass, total dry mass,
and pseudostem height growth in Musa in 2015. The calculated optimal N rate was
found to be between 7.29 and 8.54 grams per pot. This amount represents between 5.1
and 6 times a recommended N rate for pot size. The Musa greenhouse container
production in 2015 appeared to be malnourished for the majority of the trial and never
looked saleable. Musa were very light in coloration and had narrower leaves than plants
grown in the previous experiment. Any recommendation for fertilization rate to come out
of this production study would likely be flawed as the plants were not healthy.
For EC of Musa substrates, the fertilization treatment was significant (p<0.001).
As the nitrogen rate increased, the EC of the substrate also increased (Fig. 3.30). The
highest EC of 1436µS/cm was noticed at the highest N rate of 11.424g N. Although
close to the recommended EC of 1500 µS/cm, this N rate is 8 times recommended for pot
size. Three treatments were above 1000µS/cm and those were pots receiving 5.7g N
(1097 µS/cm), 8.568g N (1371 µS/cm), and 11.424g N (1436 µS/cm) which represent 4,
6, and 8 times recommended N rate, respectively. There were minimal differences in
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substrate pH among treatments and all were in a recommended range for the growth of
plants.
For the Musa substrate leachates, all of the substrate was separated from the roots,
mixed in a bucket, and then sampled for EC and pH. Unlike Ensete, Musa leachates were
likely more representative of the entire soil profile. Therefore, the majority of the
attention will be placed upon the Musa leachate results. The EC of the 0.5 to 3 times
recommended N rate were all insufficient. As the rate increased from 4 to 6 to 8 times
recommended N rate, the EC increased to sufficient ranges. As the amount of fertilizer
increased, the EC of the substrate increased.
Discussion
Calculated N rates that resulted in maximums for the measured parameters in the
greenhouse production study were all within the range of measurement. However, the
optimized N rates ranged between 4.1 and 6.2 times a recommended N rate for pot size.
The high optimized N rates, along with the suboptimal growth observed, suggests an issue
with the controlled release urea fertilizer used. The substrate ECs were suboptimal for all
but an 8x N rate. With K in sufficient levels in the media, it is assumed that the nitrogen
rate is the variable which most affected plant growth parameters. By conducting a fertilizer
incubation, a potential release rate problem with the fertilizer was ruled out. The controlled
release urea fertilizer (42-0-0) had an initial N concentration of 42.35% and a release rate
of 0.25% N per day which is consistent with the advertised rate, adjusting for temperature
(Fig. 3.31). An optimal N fertilization rate for banana and canna container production is
unable to be suggested at this time.
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Table 3.1

Nitrogen fertility level, nitrogen to potash ratio, grams of controlled release
nitrogen fertilizer applied (42-0-0), grams of actual nitrogen applied, grams
of controlled release potash fertilizer applied (0-0-59), and grams of actual
potash applied to Musa basjoo, Ensete ventricosum ‘Maurelii’ and Canna
‘Erebus’ in 8.71L pots filled with pine bark at the R. R. Foil Plant Science
Research Center in Starkville, MS between May and September of 2014.

Nitrogen

Grams of N

Grams of K2O

Grams of K2O
applied

Fertility

N: K2O

Fertilizer (42-

Grams of N

Fertilizer (0-0-

Level

Ratio

0-0) applied

applied

59) applied

Low

3:2

3.6

1.512

1.7

1.003

Low

1:1

3.6

1.512

2.5

1.475

Low

2:3

3.6

1.512

3.8

2.242

Medium

3:2

7.2

3.024

3.4

2.006

Medium

1:1

7.2

3.024

5.1

3.009

Medium

2:3

7.2

3.024

7.6

4.484

High

3:2

10.7

4.494

5.1

3.009

High

1:1

10.7

4.494

7.6

4.484

High

2:3

10.7

4.494

11.4

6.726

None

0:0

0

0

0

0

Medium

-K

7.2

3.024

0

0

None

-N

0

0

5.1

3.009
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Figure 3.1

Canna ‘Erebus’ shoot dry mass (grams) response to varying nitrogen and
potash amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.2

Canna ‘Erebus’ flower dry mass (grams) response to varying nitrogen and
potash amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.3

Canna ‘Erebus’ total dry mass (grams) response to varying nitrogen and
potash amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.4

Canna ‘Erebus’ pseudostem height growth (centimeters per plant) response
to varying nitrogen and potash amounts (grams) applied via controlled
release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.5

Canna ‘Erebus’ root dry mass (grams) response to varying nitrogen
amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.6

Canna ‘Erebus’ substrate pour through leachate electrical conductivities
(µS/cm) of varying nitrogen and potash fertilization rates.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.7

Ensete ventricosum ‘Maurelii’ shoot dry mass (grams) response to varying
nitrogen amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.8

Ensete ventricosum ‘Maurelii’ root dry mass (grams) response to varying
nitrogen amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.

39

Figure 3.9

Ensete ventricosum ‘Maurelii’ total dry mass (grams) response to varying
nitrogen amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.10

Ensete ventricosum ‘Maurelii’ pseudostem height growth (centimeters per
plant) response to varying nitrogen amounts (grams) applied via controlled
release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.11

Ensete ventricosum ‘Maurelii’ substrate pour through leachate electrical
conductivities (µS/cm) of varying nitrogen and potash fertilization rates.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.12

Musa basjoo shoot dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.13

Musa basjoo root dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.14

Musa basjoo total dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Figure 3.15

Musa basjoo pseudostem height growth (centimeters per plant) response to
varying nitrogen and potash amounts (grams) applied via controlled release
fertilizer.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.

46

Figure 3.16

Musa basjoo substrate pour through leachate electrical conductivities
(µS/cm) of varying nitrogen and potash fertilization rates.

Plants were grown in pine bark substrate in a nursery container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between May and September of
2014.
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Table 3.2

Maximized nitrogen rates (grams), maximized dry mass (grams), and
maximized pseudostem height growth (centimeters per plant) for Canna,
Ensete, and Musa parameters which were significantly affected by nitrogen
rate when grown in pine bark substrate in a nursery container production
study at the R. R. Foil Plant Science Research Center in Starkville, MS
between May and September of 2014.

Year

Graph

Quadratic Equation

Maximized
N rate (g)

2014
2014
2014
2014
2014
2014
2014
2014

Canna Root Dry Mass
Ensete Shoot Dry Mass
Ensete Root Dry Mass
Ensete Total Dry Mass
Ensete Growth
Musa Shoot Dry Mass
Musa Root Dry Mass
Musa Shoot Dry Mass

y=-0.6x2+8.68x+15.17
y=-0.92x2+11.38x+3.69
y=-0.93x2+8.7x+3.87
y=-1.85x2+20.1x+7.56
y=-0.94x2+7.05x+1.34
y=-1.52x2+13.58x+4.33
y=-2.19x2+14.4x+6.8
y=-3.71x2+27.98x+11.13

7.23
6.18
4.68
5.43
3.75
4.47
3.29
3.77

Maximized
Dry Mass (g)
or Growth
(cm)
46.56
38.88
24.22
62.16
14.56
34.66
30.47
63.88

The table shows specific parameters graphed, quadratic equations, maximized nitrogen
rate (grams), and maximized dry mass (grams), and pseudostem height growth
(centimeters per plant). Quadratic formulas were solved for best fit line in SPSS to
generate maximized nitrogen rates (grams), dry mass (grams), and pseudostem height
growth (centimeters per plant).
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Table 3.3

Recommended nitrogen rate multiplier, grams of controlled release
nitrogen fertilizer applied (42-0-0), and grams of actual nitrogen applied for
Musa basjoo, Ensete ventricosum ‘Maurelii’, and Canna ‘Ra’ in 3.79L pots
filled with pine bark at the R. R. Foil Plant Science Research Center in
Starkville, MS between September and December of 2015.

Recommended N

Grams of Nitrogen

Grams of Nitrogen

rate multiplier

fertilizer (42-0-0)

applied

applied
0.5

1.7

0.714

1

3.4

1.428

1.5

5.1

2.142

2

6.8

2.856

2.5

8.5

3.57

3

10.2

4.284

4

13.6

5.712

6

20.4

8.568

8

27.2

11.424
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Figure 3.17

Canna ‘Ra’ shoot dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
November of 2015.
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Figure 3.18

Canna ‘Ra’ root dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
November of 2015.
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Figure 3.19

Canna ‘Ra’ flower dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
November of 2015.
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Figure 3.20

Canna ‘Ra’ total dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
November of 2015.
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Figure 3.21

Canna ‘Ra’ pseudostem height growth (centimeters per plant) response to
varying nitrogen amounts (grams) applied via controlled release fertilizer

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
November of 2015.
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Figure 3.22

Ensete ventricosum ‘Maurelii’ shoot dry mass (grams) response to varying
nitrogen amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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Figure 3.23

Ensete ventricosum ‘Maurelii’ total dry mass (grams) response to varying
nitrogen amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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Figure 3.24

Ensete ventricosum ‘Maurelii’ pseudostem height growth response
(centimeters per plant) response to varying nitrogen amounts (grams)
applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.

57

Figure 3.25

Ensete ventricosum ‘Maurelii’ substrate saturated paste extract electrical
conductivities (µS/cm) of varying nitrogen amounts (grams) applied per
3.79L pot.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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Figure 3.26

Musa basjoo shoot dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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Figure 3.27

Musa basjoo root dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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Figure 3.28

Musa basjoo total dry mass (grams) response to varying nitrogen amounts
(grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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Figure 3.29

Musa basjoo pseudostem height growth (centimeters per plant) response to
varying nitrogen amounts (grams) applied via controlled release fertilizer.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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Figure 3.30

Musa basjoo substrate saturated paste extract electrical conductivities
(µS/cm) of varying nitrogen amounts (grams) applied per 3.79L pot.

Plants were grown in pine bark substrate in a greenhouse container production study at
the R. R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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Table 3.4

Maximized nitrogen rates (grams), maximized dry mass (grams), and
maximized pseudostem height growth (centimeters per plant) for Canna,
Ensete, and Musa parameters which were significantly affected by nitrogen
rate when grown in pine bark substrate in a greenhouse container
production study at the R. R. Foil Plant Science Research Center in
Starkville, MS between September and December of 2015.

Year

Graph

Quadratic Equation

Maximized
N rate (g)

2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015
2015

Canna Shoot Dry Mass
Canna Root Dry Mass
Canna Flower Dry Mass
Canna Total Dry Mass
Canna Growth
Ensete Shoot Dry Mass
Ensete Total Dry Mass
Ensete Growth
Musa Shoot Dry Mass
Musa Root Dry Mass
Musa Total Dry Mass
Musa Growth

y=-0.14x2+2.37x+5.52
y=-0.09x2+1.59x+9
y=-0.06x2+0.84x+0.7
y=-0.28x2+4.8x+15.22
y=-0.19x2+2.8x+9.24
y=-0.27x2+3.39x+7.91
y=-0.29x2+3.54x+12.78
y=-0.3x2+3.57x+8.13
y=-0.08x2+1.25x+3.23
y=-0.07x2+1.02x+4.53
y=-0.15x2+2.28x+7.75
y=-0.13x2+2.22x+4.92

8.46
8.83
7.0
8.57
7.37
6.28
6.1
5.95
7.81
7.29
7.6
8.54

Maximized Dry
Mass (g) or
Growth (cm)
15.55
16.02
3.64
35.79
19.56
18.55
23.58
18.75
8.11
8.25
16.41
14.4

The table shows specific parameters graphed, quadratic equations, maximized nitrogen
rate (grams), and maximized dry mass (grams), and pseudostem height growth
(centimeters per plant). Quadratic formulas were solved for best fit line in SPSS to
generate maximized nitrogen rates (grams), dry mass (grams), and pseudostem height
growth (centimeters per plant).
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Figure 3.31

Residual nitrogen percentages of controlled release urea (42-0-0) fertilizer
in 3.79L pots filled with pine bark substrate at temperature set points of 2428 C.

The incubations were concurrent with a greenhouse container production study at the R.
R. Foil Plant Science Research Center in Starkville, MS between September and
December of 2015.
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LANDSCAPE PERFORMANCE
Popular symbols of the tropics, lush banana “trees” are not trees at all, but
gigantic herbaceous perennials (Bender, 2004). They are suckering (Musa and Musella)
fast-growing plants with thick, succulent, and often tall stems atop which grow the large
to very large oblong to elliptic-shaped soft leaves with strong and thick midribs (Riffle,
1998). Bananas need moist, fertile, well-drained soil and lots of sun (Bender, 2004).
They will reliably survive winter outdoors in the Coastal and Tropical South; in the
Lower South, spread a generous layer of mulch around the plant’s base in fall to insulate
(Bender, 2004). The stems are called “pseudostems” because they are not true stems but
rather a columnar collection of the old leaf bases of the plant, which fact is easily seen
when a trunk is cut in two (Riffle, 1998).
Banana plants should be planted in full sun for best growth and fruit production.
However, banana plants do tolerate light shade. Banana plants need fertile conditions
and an abundance of soil moisture for best growth and production (Crane et al., 2013).
Bananas require large amounts of water and are very sensitive to drought. Bananas need
about 4 to 6 inches (102-152mm) of water per month for normal growth and production
(Crane et al., 2013). The ideal conditions for banana cultivation are alluvial soils, with a
soil reaction ranging between pH 4.5 and 7.5, a rainfall more or less evenly distributed
over the entire year, and protection against heavy winds (Ochse et al., 1961).
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Materials and Methods
A landscape study to determine cold hardiness and growth of six species and
cultivars of ornamental bananas was conducted at Mississippi State Trial Gardens at
Mississippi State University R.R. Foil Plant Science Research Center. The site is located
in full sun in USDA zone 8a at an approximate elevation of 102m. The banana cultivars
evaluated were Musa basjoo, Musa balbisiana ‘Thai Black’, Musa ‘Bordelon’, Musa
‘Pisang Raja’, Ensete ventricosum ‘Maurelii’, and Musella lasiocarpa (Agri-Starts, Inc.,
Apopka, FL). The tissue cultured plantlets were initially grown in a fine pine bark
substrate in 3.79L pots. All plants were transplanted from a 3.79L pot size on May 26,
2014 into the Mississippi State Trial Gardens. Plants were spaced approximately 1.5m
apart at planting. Data included initial pseudostem height, leaf length, leaf width, and
pseudostem diameter at six inches above ground level. The measurements were recorded
monthly through the growing season until first frost. The number of offshoots from the
mother plant were also noted. This study utilized a Randomized Complete Design
(RCD), with two plantings of each species/cultivar consisting of 5 plants. The plants
were irrigated as needed and fertilized with 13-13-13 (Meherrin Fertilizer, Inc., Severn,
NC) at a rate of 1lb. N/1000sq. ft monthly between May and November of 2014 and
2015. Before severe cold temperatures, a layer of composted pine bark mulch
approximately 15cm thick was used to insulate the rhizomes of the plants. The trial
consisted of two growing seasons: one initial season (2014) and one regrowth season
(2015) to determine cold hardiness and vigor of different species/cultivars. The number
of surviving plants of each species/cultivar were recorded.
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Results and Discussion
In 2014, the banana cultivar with the most leaves at 21.2 per plant and the largest
pseudostem diameter at 22.75cm was Ensete ventricosum ‘Maurelii’ (Table 4.3). The
two bananas with the tallest pseudostems were Musa ‘Thai Black’ and Musa ‘Pisang
Raja’ at an average 222cm and 185.6cm per plant, respectively (Table 4.1, 4.2).
Similarly, the two bananas with the largest leaf length and widths were Musa ‘Thai
Black’ and Musa ‘Pisang Raja’ at an average of 103.6cm x 48.8cm and 149cm x 51.4cm,
respectively (Table 4.1, 4.2). The banana with the most plants per clump was Musella
lasiocarpa with an average of 16 plants (Table 4.4). All of the banana plants performed
well at the site and were all visually acceptable. To rate the cold hardiness, a second year
of data was taken and the number of plants to regrow was measured (Table 4.7). The
three banana cultivars which had 100% survival rate were Musa basjoo, Musa ‘Thai
Black’ and Musella lasiocarpa. The three remaining cultivars, Musa ‘Bordelon’, Musa
‘Pisang Raja’, and Ensete ventricosum ‘Maurelii’, had only 10% survival rate. The
second year of growth, in 2015, has only one of each of Musa ‘Bordelon’, Musa ‘Pisang
Raja’, and Ensete ventricosum ‘Maurelii’ so the graphs only represent an individual
instead of the mean of a group.
In 2015, the banana cultivar with the most leaves at 23 per plant and largest
pseudostem diameter at 30.24cm was Ensete ventricosum ‘Maurelii’ (Table 4.10). The
two bananas with the tallest pseudostems were Musa basjoo and Musa ‘Thai Black’ at an
average of 177.8cm and 170.2cm per plant, respectively (Table 4.8, 4.13). The three
bananas with the largest leaf lengths and widths were Musa basjoo, Musa ‘Pisang Raja’,
and Musa ‘Thai Black’ at an average of 152cmx53.4cm, 152cmx41.5cm, and
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122.3cmx48.35cm, respectively (Table 4.8, 4.9., 4.13). The banana with the most
number of plants per clump was Musella lasiocarpa with an average of 23.9 plants
(Table 4.11). The three most cold tolerant bananas from the study are Musa basjoo,
Musa ‘Thai Black’, and Musella lasiocarpa. Both Musa basjoo and Musa ‘Thai Black’
are large clumping varieties. Musella lasiocarpa is a smaller species which is much more
prolific than other banana species trialed.
Of the six banana species and cultivars that were trialed, three of them clearly
outperformed the others. Demonstrating the greatest cold hardiness, Musa basjoo,
Musella lasiocarpa, and Musa balbisiana ‘Thai Black’ had 100% survival rate over the
winter and had excellent regrowth. The two species which were most expected to do well
according to literature were Musa basjoo and Musella lasiocarpa. The trial suggests
superior cold hardiness of Musa balbisiana ‘Thai Black’ and a lack of cold hardiness of
Musa ‘Pisang Raja’ and Musa ‘Bordelon’ compared to reports. Musa balbisiana is cold
hardy to zone 9 but performed very well under harsh winter conditions. Musa ‘Pisang
Raja’ and Musa ‘Bordelon’ are both hardy to zone 8 but only had a 10% survival rate in
USDA zone 8a. (Waddick and Stokes, 2000) One banana of interest was Ensete
ventricosum ‘Maurelii’. ‘Maurelii’ had a 10% survival rate but was only hardy to zone 9
(Waddick and Stokes, 2000). Zone 9 may be a realistic expectation for Ensete
ventricosum ‘Maurelii’, Musa ‘Bordelon’, and Musa ‘Pisang Raja’ according to the data
collected. However, the winter of 2014-2015 was a cold and wet winter which may have
affected the survival rates of the bananas. With that being said, Musa balbisiana ‘Thai
Black’ can be expected to be cold hardier than zone 8 and further experiments in other
locations can verify its cold tolerance.
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Musella lasiocarpa can make an excellent screen since it has many offshoots and
is lower growing than any of the other bananas that were trialed. The leaves of Musella
lasiocarpa also appeared to be the most wind resistant and had a glaucous look to them.
Musa balbisiana ‘Thai Black’ and Musa basjoo were the tallest of the cold tolerant
bananas trialed and were very rapid growing. The ‘Thai Black’ was more impressive
visually than the Musa basjoo and individuals of ‘Thai Black’ got much taller than the
average Musa basjoo. Musa basjoo was very uniform in its habit and all plants appeared
to be close to the same height with similar numbers of offshoots. One obstacle to
growing both Musa basjoo and Musa balbisiana ‘Thai Black’ is wind damage to the
leaves. The trial location did not have any windbreaks and the leaves of both species tore
with excess wind. It would be recommended to provide some shelter from strong winds
to have both species look their best.

Table 4.1

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musa balbisiana ‘Thai Black’ in the landscape at the R. R. Foil Plant
Science Research Center in Starkville, MS taken monthly between June
and October of 2014.

Musa balbisiana 'Thai Black'
DATE
Number of leaves
6/5/2014
6.9 ± 1.4
7/2/2014
9.7 ± 1.3
7/31/2014
12.2 ± 1
9/3/2014
11.6 ± 1.1
9/26/2014
13.5 ± 1

Pseudostem diameter (cm)
3.4 ± 1.5
6.3 ± 0.6
8.2 ± 0.3
14.9 ± 1.4
17.3 ± 1.1

Pseudostem height (cm)
50.1 ± 5
76.7 ± 6.5
124.2 ± 12.1
183.9 ± 18
222 ± 16.4
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Leaf length (cm)
44.8 ± 3.9
64.3 ± 5.7
96 ± 10.4
141 ± 7.3
103.6 ± 13.3

Leaf width (cm)
23.1 ± 3.2
37.6 ± 2.4
48.8 ± 2.2
61.2 ± 2.1
48.8 ± 4.1

Number of plants
1±0
1±0
4.2 ± 0.9
5.7 ± 1.1
6.1 ± 0.9

Table 4.2

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musa ‘Pisang Raja’ in the landscape at the R. R. Foil Plant Science
Research Center in Starkville, MS taken monthly between June and
October of 2014.

Musa 'Pisang Raja'
DATE
Number of leaves
6/5/2014
8.5 ± 1.1
7/2/2014
11 ± 1.7
7/31/2014
14.1 ± 1.4
9/3/2014
12.1 ± 1.3
9/26/2014
14.9 ± 1.4

Table 4.3

Pseudostem diameter (cm)
3.5 ± 1
6.3 ± 0.6
7.8 ± 0.2
14.5 ± 1.2
17.1 ± 1.2

Pseudostem height (cm)
45.4 ± 2.7
68.6 ± 7
107 ± 6.6
153 ± 15.6
185.6 ± 14.3

Leaf length (cm)
57.6 ± 2.4
77 ± 16.3
114.6 ± 8.5
158.8 ± 8.3
149 ± 14.1

Leaf width (cm)
25.5 ± 2.1
39.4 ± 9.1
44 ± 4.1
58 ± 2.4
51.4 ± 2.7

Number of plants
1±0
1±0
2.6 ± 0.7
3.9 ± 0.6
5.3 ± 0.7

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Ensete ventricosum ‘Maurelii’ in the landscape at the R. R. Foil Plant
Science Research Center in Starkville, MS taken monthly between June
and October of 2014.

Ensete ventricosum 'Maurelii'
DATE
Number of leaves
6/5/2014
8.3 ± 1.1
7/2/2014
11.6 ± 0.7
7/31/2014
12.1 ± 1.6
9/3/2014
15.2 ± 1.3
9/26/2014
21.2 ± 1.8

Table 4.4

Pseudostem diameter (cm)
6.3 ± 1.1
7 ± 0.5
9.2 ± 0.3
25.1 ± 3.8
22.1 ± 2.4

Pseudostem height (cm)
19.6 ± 2.1
25.3 ± 4.8
37.6 ± 6.8
51.6 ± 8.7
56.7 ± 8.2

Leaf length (cm)
42.4 ± 3.1
54.8 ± 5.7
68 ± 4.9
86.5 ± 11.1
90.4 ± 18

Leaf width (cm)
23.8 ± 2.1
29.7 ± 3.5
31.9 ± 1.7
36.1 ± 2.8
42.8 ± 4.7

Number of plants
1±0
1±0
1±0
1±0
1±0

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musella lasiocarpa in the landscape at the R. R. Foil Plant Science
Research Center in Starkville, MS taken monthly between June and
October of 2014.

Musella lasiocarpa
DATE
Number of leaves
6/5/2014
6.9 ± 1
7/2/2014
8.7 ± 1.6
7/31/2014
10.6 ± 4.4
9/3/2014
7.6 ± 0.8
9/26/2014
9.7 ± 0.7

Pseudostem diameter (cm)
4.6 ± 0.9
5.8 ± 0.7
6.6 ± 0.8
13.1 ± 0.8
9.5 ± 0.7

Pseudostem height (cm)
11 ± 1.9
21.1 ± 2.9
27.7 ± 2.9
39.9 ± 2.7
46.8 ± 4.2
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Leaf length (cm)
25.4 ± 1.8
41.2 ± 2.6
57.1 ± 2.6
71.3 ± 3.3
69.4 ± 14.9

Leaf width (cm)
13 ± 0.9
19.9 ± 0.5
23.1 ± 1
21.6 ± 1.8
23.9 ± 3.1

Number of plants
1±0
1±0
6.8 ± 1.1
6.4 ± 0.8
16 ± 2.5

Table 4.5

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musa ‘Bordelon’ in the landscape at the R. R. Foil Plant Science Research
Center in Starkville, MS taken monthly between June and October of 2014.

Musa 'Bordelon'
DATE
Number of leaves
6/5/2014
7.4 ± 0.8
7/2/2014
8.5 ± 0.8
7/31/2014
9.2 ± 1.3
9/3/2014
8.4 ± 0.8
9/26/2014
10.1 ± 1.1

Table 4.6

Pseudostem diameter (cm)
2.7 ± 0.1
3.7 ± 0.2
4.3 ± 0.3
6.2 ± 0.6
5.6 ± 0.4

Pseudostem height (cm)
42 ± 1.7
48.1 ± 4.3
69.3 ± 4.5
85.8 ± 5.9
97.1 ± 10.9

Leaf length (cm)
33.6 ± 2.1
40.5 ± 2.1
57.5 ± 4.4
70.5 ± 11
80.5 ± 9.4

Leaf width (cm)
12.1 ± 1
13.9 ± 1.8
19.5 ± 0.9
22.8 ± 1.2
24.4 ± 4.1

Number of plants
1±0
1±0
5.8 ± 1
6.1 ± 0.9
9.1 ± 1.2

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musa basjoo in the landscape at the R. R. Foil Plant Science Research
Center in Starkville, MS taken monthly between June and October of 2014.

Musa basjoo
DATE
Number of leaves
6/5/2014
8.8 ± 1.2
7/2/2014
10 ± 1.2
7/31/2014
10.4 ± 1.3
9/3/2014
8.2 ± 1
9/26/2014
12.1 ± 1.2

Table 4.7

Pseudostem diameter (cm)
4 ± 0.4
5 ± 0.6
6.1 ± 0.5
9.6 ± 0.7
11.1 ± 1.4

Pseudostem height (cm)
44.3 ± 4.4
54.6 ± 4.8
75.1 ± 4.4
94.5 ± 6.2
100 ± 14.1

Leaf length (cm)
51 ± 3
62.5 ± 2.9
80.5 ± 8
105.3 ± 6.3
101.8 ± 11.9

Leaf width (cm)
21.7 ± 1.7
27.1 ± 2.9
35 ± 2.4
42.1 ± 4
38.5 ± 6.8

Number of plants
1±0
1±0
5.4 ± 1.3
4.8 ± 0.6
6.5 ± 1.4

Winter survival quantity and survival rate and of Musa balbisiana ‘Thai
Black’, Musa ‘Pisang Raja’, Ensete ventricosum ‘Maurelii’, Musella
lasiocarpa, Musa ‘Bordelon’, and Musa basjoo in the landscape at the R.
R. Foil Plant Science Research Center in Starkville, MS for the winter of
2014 and 2015.

Species/Cultivar
Musa balbisiana ‘Thai Black’
Musa ‘Pisang Raja’
Ensete ventricosum ‘Maurelii’
Musella lasiocarpa
Musa ‘Bordelon’
Musa basjoo

Plants Survived
10/10
1/10
1/10
10/10
1/10
10/10
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Survival Rate
100%
10%
10%
100%
10%
100%

Table 4.8

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musa balbisiana ‘Thai Black’ in the landscape at the R. R. Foil Plant
Science Research Center in Starkville, MS taken monthly between June
and November of 2015.

Musa balbisiana 'Thai Black'
DATE
Number of leaves
7/10/2015
7.1 ± 2.4
8/11/2015
9.6 ± 3.1
9/15/2015
10.4 ± 3
10/14/2015
11.1 ± 3.3
11/20/2015
11.5 ± 3.1

Table 4.9

Pseudostem diameter (cm)
6.9 ± 3.1
10.3 ± 4.7
13.4 ± 6.7
14 ± 6.6
15.3 ± 6.9

Pseudostem height (cm)
75.8 ± 39.4
126.4 ± 60.5
156 ± 79.7
170.2 ± 83
182.7 ± 84.1

Leaf length (cm)
66.8 ± 25.3
94 ± 37.9
111.2 ± 49.9
122.3 ± 51.4

Leaf width (cm)
37.9 ± 13.8
45.9 ± 16.3
46.5 ± 17.2
48.4 ± 15.3

Number of plants
2.3 ± 1.3
3.6 ± 2.5
4.3 ± 2.9
4.7 ± 3.1
5.1 ± 3.3

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musa ‘Pisang Raja’ in the landscape at the R. R. Foil Plant Science
Research Center in Starkville, MS taken monthly between June and
November of 2015.

Musa 'Pisang Raja'
DATE
Number of leaves
7/10/2015
4
8/11/2015
9
9/15/2015
12
10/14/2015
11
11/20/2015
12

Table 4.10

Pseudostem diameter (cm)
2.9
5.3
9.9
12.7
14.0

Pseudostem height (cm)
14
41
90
111
127

Leaf length (cm)
32
61
115
130
152

Leaf width (cm)
16.2
28
49
43
41.5

Number of plants
1
1
3
4
6

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Ensete ventricosum ‘Maurelii’ in the landscape at the R. R. Foil Plant
Science Research Center in Starkville, MS taken monthly between June
and November of 2015.

Ensete ventricosum 'Maurelii'
DATE
Number of leaves
7/10/2015
12
8/11/2015
17
9/15/2015
19
10/14/2015
22
11/20/2015
23

Pseudostem diameter (cm)
17.8
20.4
22.1
26.4
30.2

Pseudostem height (cm)
44
54
84
94
110
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Leaf length (cm)
68
83
106
140
132

Leaf width (cm)
32.5
33
41
49.5
51

Number of plants
1
1
1
1
1

Table 4.11

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musella lasiocarpa in the landscape at the R. R. Foil Plant Science
Research Center in Starkville, MS taken monthly between June and
November of 2015.

Musella lasiocarpa
DATE
Number of leaves
7/10/2015
8.2 ± 0.9
8/11/2015
10.3 ± 1.3
9/15/2015
10.4 ± 1.2
10/14/2015
11.4 ± 1.4
11/20/2015
10.3 ± 1.8

Table 4.12

Pseudostem diameter (cm)
8.2 ± 1.4
11.3 ± 2.1
12.7 ± 2.7
12.3 ± 2.1
12.8 ± 2.9

Pseudostem height (cm)
43.8 ± 7.3
64.1 ± 7.2
79.3 ± 9.4
77.1 ± 7.7
72 ± 10.5

Leaf length (cm)
68.7 ± 7.6
84.3 ± 9.3
88.1 ± 8.9
87.1 ± 11.3
79 ± 5.2

Leaf width (cm)
27.8 ± 3
30.5 ± 3.8
29.3 ± 1.3
27.9 ± 1.6
24.8 ± 1.7

Number of plants
17.2 ± 2.4
22.8 ± 6
22.4 ± 2.9
22.4 ± 3.5
23.9 ± 2.7

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musa ‘Bordelon’ in the landscape at the R. R. Foil Plant Science Research
Center in Starkville, MS taken monthly between June and November of
2015.

Musa 'Bordelon'
DATE
Number of leaves
7/10/2015
6
8/11/2015
7
9/15/2015
10
10/14/2015
11
11/20/2015
10

Table 4.13

Pseudostem diameter (cm)
1.6
2.9
3.8
4.1

Pseudostem height (cm)
6
18
41
52
58.5

Leaf length (cm)
15
21.5
39
41
46.5

Leaf width (cm)
8
11.5
15.5
16
16.2

Number of plants
1
1
1
1
1

Mean measurements ± standard deviation for number of leaves,
pseudostem diameter (centimeters), pseudostem height (centimeters), leaf
length (centimeters), leaf width (centimeters), and number of plants of
Musa basjoo in the landscape at the R. R. Foil Plant Science Research
Center in Starkville, MS taken monthly between June and November of
2015.

Musa basjoo
DATE
Number of leaves
7/10/2015
9.4 ± 0.8
8/11/2015
10.5 ± 0.7
9/15/2015
9.2 ± 0.6
10/14/2015
9.1 ± 0.6
11/20/2015
8.9 ± 0.6

Pseudostem diameter (cm)
10.6 ± 0.6
12.9 ± 0.9
13.8 ± 1.2
13.9 ± 0.9
14.2 ± 0.8

Pseudostem height (cm)
128.6 ± 7.6
158.4 ± 11.9
171.5 ± 12.7
177.8 ± 12.8
189.4 ± 14.5
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Leaf length (cm)
127.8 ± 8
141.6 ± 9.8
154 ± 11.5
152 ± 5.1

Leaf width (cm)
53.2 ± 2.5
54.1 ± 3.1
51.8 ± 3.5
53.4 ± 4

Number of plants
9.2 ± 2.1
11.9 ± 2.8
12.1 ± 2.3
10.9 ± 2.2
9.9 ± 2.2
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Figure 4.1
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Daily high and low temperatures (Celsius) between planting (5/26/2014)
and last measurement (11/20/2015) in the landscape trial of Musa
balbisiana ‘Thai Black’, Musa ‘Pisang Raja’, Ensete ventricosum
‘Maurelii’, Musella lasiocarpa, Musa ‘Bordelon’, and Musa basjoo at the
R. R. Foil Plant Science Research Center in Starkville, MS.
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Figure 4.2

Precipitation (millimeters) and relative humidity (percentage) between
planting (5/26/2014) and last measurement (11/20/2015) in the landscape
trial of Musa balbisiana ‘Thai Black’, Musa ‘Pisang Raja’, Ensete
ventricosum ‘Maurelii’, Musella lasiocarpa, Musa ‘Bordelon’, and Musa
basjoo at the R. R. Foil Plant Science Research Center in Starkville, MS.
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SUMMARY AND CONCLUSIONS
In summary, the first container production study looked at the effect of N rate,
K2O rate, and the interaction of N*K2O rate on plant growth in Canna ‘Erebus’, Musa
basjoo, and Ensete ventricosum ‘Maurelii’. It was found that nitrogen and K2O rate have
an effect on plant growth in containers. With increasing N, there was an increase in plant
growth in the studied plants. The effect of K2O and the interaction of K2O and N was
significant in some measured parameters, but this effect may not be valuable to growers
due to the suboptimal growth observed with the fertilization rates. The effect of K2O and
the interaction of K2O and N were also mostly limited to Canna, with Musa and Ensete
being effected by N rate primarily. The pine bark substrate had sufficient K reserves and
increasing amounts of K2O did not have much, if any, effect on plant growth. One
important note is the fact that all of the ECs of the media were much lower than
recommended ECs for growing of plants. Although applied at a recommended fertilizer
rate, the EC was insufficient according to leachate samples taken. The fertilizer release
may not have been sufficient or the N source (urea) was not the preferred source of N
used by bananas. In comparison, extra banana plantlets grown in the greenhouse with
liquid feed fertilizer performed much better than plants grown with a controlled release N
(42-0-0) fertilizer. A recommended N rate, according to studied banana plants grown in
containers, cannot be suggested at this time due to issues with production.
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In the second container production study, N rate was adjusted to a range of 0.5x
rate up to an 8x rate to find an optimum N rate for growth of bananas in containers.
There was no added K2O in this study. Although a recommended EC of 1500µS/cm was
reached in this study, the N rate was 8x for size of pot. No potassium deficiencies were
observed even at high N rates so it is assumed that pine bark substrate has sufficient K for
container production. Although higher N rates led to increased growth in bananas and
Canna, the overall plant appearance was not optimized. This once again points to a
possible problem with the controlled release N fertilizer used.
In the landscape performance of six cultivars of bananas, three of the cultivars:
Musa basjoo, Musa balbisiana ‘Thai Black’, and Musella lasiocarpa stood out as the
most cold hardy and reliable. With 100% of plants overwintering, these three cultivars
were superior to Ensete ventricosum ‘Maurelii’, Musa ‘Bordelon’, and Musa ‘Pisang
Raja’, which all had 10% survival rates. The two tallest recommended cold hardy
bananas for landscapes are Musa basjoo and Musa balbisiana ‘Thai Black’. Musa basjoo
has lighter green foliage and grows more uniformly than ‘Thai Black’. Individuals of
‘Thai Black’ were taller than Musa basjoo, but the average heights were similar. Musa
balbisiana ‘Thai Black’ had darker foliage and was characterized by an almost black
pseudostem.

Both Musa basjoo and Musa balbisiana ‘Thai Black’ would be

recommended for areas with some wind protection due to the possibility of tattered
leaves during high winds. Musella lasiocarpa, a lower growing banana, was much more
prolific than other bananas (more offshoots). Musella may work well as a low screen as
the plants become very dense. The leaves of Musella are glaucous and are more resistant
to wind damage than other bananas trialed.
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